Environmental alterations annotated as climate changes affect the activities and well-being of every organism. Ecosystems are influenced by longer-term, gradual alterations and by short-term sudden and severe weather phenomena, such as extreme temperature fluctuation, drought and heavy rainfall, resulting in some cases in migration or extinction. For humans the impact of climate change becomes more evident when agricultural production is disturbed by severe crop losses. This adds to our awareness of a global need for increased food production to support our expanding population, which in turn sets improvement of crop germplasm as one of the highest priorities for agriculturists, farmers, breeders and biologists. Reproduction is characterized as the developmental phase in plants most vulnerable to abiotic stresses, with particular sensitivity to increased temperature. Male gametophyte development can be disturbed even under moderate temperature stress, a property shared by plants and mammals, but the basis for this susceptibility remains to be defined. This is challenging for plants, which have evolved complex stress response mechanisms, as a consequence of their sessile life style.
Current research seeks to identify the best germplasm for tailored breeding, to understand pollen development and fertilization and to characterize the reaction of the reproductive tissues to stressful conditions. These processes need to be described in detail and accordingly have attracted the attention of researchers in recent years. The reaction of developing pollen to stress conditions has been analyzed at different levels, combining a basic understanding of the global stress response systems in plants like Arabidopsis, tomato and rice, with high throughput technologies to decipher the global changes while coping with the stressful environment. The articles in this issue summarize current knowledge of male gametophyte stress responses at RNA, protein, lipid and epigenetic levels. Hafidh et al. (2016) provide an overview of cellular processes involved in pollen development and pollen tube growth including the mechanisms of communication between male and female gametophytes in the latter process and of stress response. A particular focus is placed on posttranscriptional regulation and the involvement of posttranslational modifications of proteins. This theme is transferred to the level of the regulation of the important processes by and of phospholipids in the following article by Heilmann and Ischebeck (2016) . Particularly, phosphoinositides-which are the major focus of this articleemerge as new class of key regulators of pollen development and stress response, as well as of protein function. The understanding of the complexity of the latter required for pollen growth, adaptation and development is a key for a detailed description of the underlying processes. Thus, Chaturvedi et al. (2016) summarize the current advances in the description of the proteomic changes during development and stress adaptation, a review that guides the reader through the emerging wealth of information. Chen et al. (2016) target a new emerging field, the impact of epigenetic events in male germ cell function and stress response. In the very recent years, theses mechanisms have attracted much attention, while an understanding of the regulatory regimes and the factors involved is just developing. Thus, the article combines both, a summary of the current knowledge and a discussion of the perspective in this field.
The significant advances made in describing the underlying principles of protein distribution networks, unfolded protein response and acclimation to high temperature are summarized in three complementary reviews. Paul et al. (2016) describes the pathways of protein distribution that have been described as they are central for the maintenance of pollen function during development or under stressful conditions. In addition to failure in distribution, it is described that proteins tend to aggregate under stressful conditions. Consequently, Fragkostefanakis et al. (2016) provide an overview on the mechanisms of unfolded protein response with focus on processes in pollen. Müller and Rieu (2016) broaden the view with respect to mechanism but focus on a particular threat by assigning the global regulatory regimes in pollen under heat stress.
Existing protocols for evaluation of pollen thermotolerance in main crops are also summarized and discussed. Mesihovic et al. (2016) provide guidelines for terminologies and experimental designs, which are of importance to unify information and to perform future experiments in a more standardized fashion, and Ambrosino et al. (2016) gives an overview at which places public available information can be found. Finally, what emerges is the need to integrate new large-scale datasets to extract key components of pollen vitality and to apply this knowledge to guide new breeding strategies, which is outlined in the article by Driedonks et al. (2016) .
